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HIMMARY

b ordertoinvestigatetheeffectsofdraginterferenceonwing-
comb~tions,testswereconductedatMachnumbersof1.50and2.02
a pointedcylindrical.body,withsixtriang’ilarwingshavingaspect

ratiosfrom0.67to 4.00,and~th thewingsandthebodyincouibination.
JEcperimentaldragresultswereobtainedfora nominalangle-of-attack
rangeof*5.5°anda constantReynoldsnumberof5.5millionbasedonthe
bodylength.Thecharacteristicsofthebodyjthewings,thecouibinations,
andthewing-bodyinterferencewerecalculatedtiomtheavailabletheories
andcomparedwiththeexperimental

Theminimumdragcoefficients
themethodofcharacteristicswith
coefficientsaddedforthebodyin
transition,wereingoodagreement
dragrisewithangleofattack,as

results.

ofthebodyalone,ascalculatedby
laminarandturbulentskin-friction
a smoothconditionandwithfixed
withtheexperimentalvalues.The
calculatedbythemethodofNACA

Rep;10~,195L,&s muchlow&thantheexper&ntal.dragriseofthe
smoothbody,butwasinfairagreementwiththatofthebodywithtransi-
tionfixed.Thedataindicatethatthetransitionpointonthesmooth
bodymovedforwardwith”increasingangleofattack,causingtheskin
frictiontoincrease.b gen=al,thepredictedmimimumdragcoefficients
ofthewings(whichincludedsmestimateoftheskinfriction)weregreater
thantheexp?rimem”tivalues.Thepredictedminimumdragcoefficientsof
thewing-bodycombinationswereingoodagreementwiththeexperimental
values.Thebetteragreementforthecombinationsthanforthewings
‘alonewasa resultoftherelativelygreateraccuracyinthecalculation
ofthebodydragwhichconstitutesa largepercentageofthecombination
drag.

Calculationofthepressuresatzeroangleofattackonthewings
inthepresenceofthebodybythemethodofNACARMA911L9,1949,indi-
catedthattheinterferencepressureihagwassmallforthepresentwing-
bod.ycombinationsifthewingaloneweredefinedastheexposed.halfwings

%upersedesrecentlydeclassifiedI/MA51C27byElliottD.Katzen
andGeorgeE.IQattari,1951.
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brou@ttogether.The~erimentalresultsindicatedthatthedraginter-
ferencewasprincipallytherestitoffixingtransitionbyaddinga wing.

.,

INTRODUCTION

Thisreportisthesecondofa seriesoninterferenceeffectsbetween
triangukrwfngsofvariousaspectratiosanda potitedcylindricalbody.
Thefirstreport(reference1)describedtheliftandpitching-moment
interference;thepresentrepmtisconcernedprimarilywiththetotal
draginterference,whichisdefinedasthedifferencebetweenthewing-
body-combinationdragforceandthesumofthebodyaloneandwingalone
(exposedhslfwingsbroughttogether)dragforces.

NielsenandMatteson(reference2)havepresenteda methodofcalcu-
latingthedraginterferenceona winginthepresenceofa circular
cylindricalbody.Thepurposeofthepresentreportistoextendthestudy “
ofinterferencetoincludea comparisonofexperimentallydetermineddrag-
interferenceforceswithvaluescalculatedbythemethodofreference2
(withsk.in-frictioneffectstakenintoaccount)fora seriesoftriangular -
wing-bo~vcombinations.andtomesenta comarisonoftheexperimental
and-calca.atea
combinations.

dragrekts for-thebodyand-thew@s alone&d in

NWION

localbodyradius,in.

~ bodyradius,ti.

wingaspectratio

@an-fomnareaofbody,S~ in.

meanaerodynamicchord
()$%. +

cross-flow-sectiondragcoefficientofa cticulakcylinder

wingapexchord,ti.

totaldragcoefficientbasedontow wing-plan-form
wingsandcombinationsandonbaseareaforbody

( )cD=+ m=&’
increment indragcoefficient

areafor

)

,.

.
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3

totalUl&limum

pressuredrag

skin-friction

skin-friction

skin-friction

dragcoefficient

coefficient

dragcoefficient

coefficientbasedonwettedarea

coefficientforturbulentflowatReynoldsnumber
basedonaveragechordoftotal.wingforwingal&e,onbody
lengthforbodyalone,andonaveragechordofeqosed~
forthewingonthebody

slsin-frictioncoefficient
basedonaveragelength

sldn-frictioncoefficient
basedonaveragelength

liftcoefficientbasedon

andcombinationsandon

dragforce,lb

forlaainarflowatReynoldsnumber-
oflaminararea

forturbulmtflowatReynoldsnumber
oflaminararea

totalwing-plan-fOrmareaforW511gs

( )baseareaforbody~ or~qs gala+

increment indragforceduetolif%,lb

P +%7 Dc
totsldrag-interferenceratio =—

~+DW )~+~.-l

completeellipticintegralofsecondkindofmdulus
& - @an% o~~e ratio~

()
wing-body-combination-angleratio~

lift force,lb

free-streamMachnumber

static-pressurecoefficient,ratioofdifferencebetweenlocal
andfree-streamstaticpressurestofree-streamQnamic
pressure

free-streamdynamicpressure,lb/sqin.

Rewolti number

-. . -- -- ....— .. —.-.—- -.——— — — —.—.
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wingSemispan, in.

total-g-plan-formareaasextendedm figure1 (S= Crs),
Sqh.

msximumwingthickness,in.

angleof

rearward

G

ratioof

attackinradiansunlessotherwisespecified

ticlhationofforceduetoangleofattack,radians

specificheatatconstantpressuretospecificheatat
constantvolume

wingsemiapexangle,deg

correctionforthree-dimension&1.effectsonbody

modificationfactor

sweepangleofwing

sweepangleofwing

toaccountforfinite-wingaspectratios

leadingedge,deg

midchordline,deg

()thicknessratio t~

Subscripts

bodyalone

~cbg-bodycombination

combinationminusnose

bodynose

wingalone(exposedhalfwingsjoinedtogether)

effectofexposedhalfwingsonbody

effectofbodyonexposedhalfwings(includeseffectofsepa-
ratinghaJ.fw5mgs)
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EXPEWMENWUCONSIDERATIONS

ThetestswereperformedintheAmes1-by3-footsupersonicwind
tunnel.No.1. Theapparatusandprocedurearedescribedindetailin
reference1. Themodelsweretestedthrougha nominalangle-of-attack
=e of*5=50at~~ nti=s of1.m =d 2.02andata constantReynolds
numberofO.5ndllionpertich.

Models

Thebody(fig.1)hada finenessratioof7.33,a coniced.nosewith
a semiapexangleof15°,andanogivaltransitionsectionfairingihtoa
cylindricalafterbody.Testsweremadewiththebodyb a smoothcondition
andwithtransitionftiedbya O.003-inch-diameterwireat5 percentof,
thebodylengthfromthenose.Calculationsindicatedthatthedragof
thetie wasnegligiblecompsredtothatofthebody.Thegeometrical
propertiesanddesignationsofthesixwingmodelsusedintheinvestiga-.
tionaresummarizedintable1. Thewingshadsymmetricaldouble-wedge
atifoflsectionsinthestreamwisedirectionwitha maximumthiclmessof
8 percentatthemidchord.Thewingswerelocatedalongthecylindrical
partofthebodyforallthewing-bodycombinations.A winganda wing-
bodycombinationmountedinthewindtunnelareshowninfigure2.

b ordertoestimatethesupportinterferenceoccurringinthewing-
alonetests,pressuresweremeasuredhide theshroudshowninfigure2.
Thepressure2 inchesbeMndtheopeningintheshroudwasthesameas
thatatthefarendofthebalanceforalltestconditions.Tfanypres-
suredifferenceacrossthewingsupportexisted,itwasconfinedtoa
smallregionnearthetipoftheshroud,anda conservativeestimatefor
theeffectuponthewingoflowestaspectratioindicateda possibleerror
inlift-curveslopeofO.5percent.For-s ofgreateraspectratio,
thiserrorwas,ofcourse,muchless.Theeffectofthem, beveled
stfiginmodifyingtheliftofthewingwasnegligible;theeffectonthe
dragwastocausea measurementthatwasabout1 percenttoolarge.The
datawerenotcorrectedforthissmallerror.

Correctionstol!kperimentalResults

The
tionsin

experimentaldatahavebeencorrectedfornonuniformflowcondi-
theImnndtestsection.Thelongitudinalpressuregradients

intheemptytunnel.wereassumedtoactunchangedonthemodelinthe
tunnel,anditwasfound,ingeneral,thatthecorrectionstodragw=e
smallbutnotnegligible.Themaximumcorrectiontodragcoefficientfor
allconfigurationsatbothMachnumberswas13p=centofthemeasured
dragcoefficient.
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Theprecisionof
inreference3andin
theprecisionofeach
measurement.Itd.SO
in thecorrectionsto

Precision.
,

thedatahasbeenevaluatedbythemethodoutlined
reference4. Thismethodincludesanestimateof
measurementand.theresultinguncertatityineach
includesanestimateoftheuncertaintyinvolved
thedata.Thetotaluncertainintheresultsis

takenasthesquarerootofthesumofthesquaresof-theindividual
uncertatities.

Thefold.owingtableliststhetotaluncertaintyforallconfigura-
tionsatbothMachnumbers:

.

Uncertainty

Quantity~ wings combinations

CL.()
C%lax’ cL=O C%ax CL=o CL

M m .02 M .02 % .02 *O.02 Ml.02 M .02

CD &.0067 &.oo83 *.0005 *.0014 *.0012 *.0017

CL *.009 *.009 *.009 *.009 *.009 *.009

%he valuesfortheuncertaintyin CL weretakenfrom
reference1.

‘The”quantity& isthemaximum@ reachedinthetests.

THEORETICALCONSIDERATIONS

Body

~&Q?Q??l”- Theminimumdragofa pointed
consistsofpressureandskin-frictiondrag.The

bodyofrevolution
pressuresonthenose

ofthecylti6ricalbodyofthepresentinvestigationwerecalculatedby
themethodofcharacteristics(reference5)andintegratedtogivethe
minimumpressuredrag:

~ = 2p(&)4&-) (1)

Noattemptwasmadetopredictthebasedragbecausethemeasureddrag
datawereadjustedtocorrespondtoa basepressureequaltothestatic
pressureofthefreestream.Thefrictiondragwascalculatedusingthe
incompressible,flat-plate,laminarskin-frictionkw of~siw

.

.

— -. -———- — — .-. —
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(2)
.1

. becausetheeffectsofassuminga flatplate(reference6)andtheeffects
ofcompressibilityonlaminsrskinfriction(reference7) weretheoreti-
callyfoundtobesmallinthepresenttests.Forthesamebodywitha
0.003-inch-diametertransitionwireonthenose,vnnK&m&n~sflat-plate,.
compressible,turbulent,aldn-frictionformula(reference8)

0.242
(
1+7

)

-l&” #.=

0(
loglo(RCf)-~logl

G 2 )
l++F (3)

wasused.

by

If
of

DraRrise.-Thedragriseofthebodywithangleofattackisgiven
theslender-bodytheoryofWard(reference9)as

A~=+CLa=a2 (4)

theeffectofcross-flowseparationistakenintoaccount,thetheory
AllmandPerkins(reference10)givesthe”dragriseas

.

*P $ACD=&+qcd —c -2 (5)

Fora cylinderwiththesamefinenessratioasthepresentbody,refer-
enceI.OgivesTI=o.65.Thisvalue,togetherwith CA=1.2,hasbeenused
witheqwtion(~)indet~ thetheoreticaldra~rise”

wings

Minimum&a~.-Theminimumpressuredragcoefficients
werecomputedfromthelineartheoryofPuckett(reference
frictiondragcoefficientwasassumedtobeindependentof
andwasestimatedfromtheforuu.ila(reference4)

whichassumesthattheprofileoftheturbulentregionwas

ofthebody.

ofthewings
U). The
angleofattack

(6)

thesameas
iftheboundarylayerhadbeenturbulentuptothe-transitionpoint.
Theextentoflaminarandturbulentboundarylayeronthewingswas
estimatedfromthetheoreticalchordwisepressuredistribution.The
laminarareawasassumedto-end overtheregionoffavorablegrad-
ientsfromthewingl-tUmgedgetotheridgelineforwingswith

-. ———. ___ ... . __ .
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subsonicridgelinesandfromtheleadingedgetotheMachlineemanat-
ingfromtheapexoftheridgelinesforthewingswithsqersonic
ridgelines.Thelaminarandturbulentfrictioncoefficientswere
calculatedusingequations(2)and(3),respectively.

Dragrise.-Thewingdragrisewithangleofattackwascalculated
usingthewingdrag-risefactor(reference4)

A% &—=
CL2 (d@@ (7)

where~ definestherearward inclinationoftheresultantforceasa
fractionoftheangleofattack.Thetheoreticalvalueof & depends
onthewingplanformandtheMachnuuiberandisgivenby - -

I&= 1 -‘1 -g-2’
Fortriangularwingswithsupersonicleadingedges
isequaltoone.Thedrag-risefactoristhen

%
C2 = (d:/da)

Wing-BodyCcmibinations

(8)

(ytsxle>l),~

(9)

Mintmumdrag.- lkordertopredicttheminimumdragofa wing-body
cmibination,theinterferenceeffectsofthewingonthebodyandof
thebodyonthewingaswellasthedragofthebodyandwingsalone
mustbebown. Thepressuresonthewingh theyresenceofthebody
werecalculatedbythemethodofNielsenandMatteson(reference2).
Thesecalculationsindicatedthatfortheyresentwing-bodyconibinations
theinterference~ressuredragwouldnotbelargeifthewingalone
weredefinedastheexposedhalfwingsbroughttogetherratherthanas
thetotal.wingw~chwasutilizedforliftandpitching-mmnentinter-
ferenceinreference1. Sincethedragofthebodyandwhgs aloneis
muchmoreamenabletocalculationthantheinterferencedrag,itis
desirabletodefinetheinterferenceinsucha mannerthatitbecomes
a smallcorrectiontothebodyandwing-alonedrag.Thus,theminimum
dragofthewing-bodycmibinationswasconsideredtoconsistofthesum
ofthedragofthebodyalone,thedragoftheexposedwtngsjoined
together,theinterferencedragonthehalfwingsresultingfrmnsepa-
ratingthehalfwingsandplacingtheminthepresenceofthebody,and

.

.

——.— .-.
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theinterferencedragonthebodyresultingfromplacingthebodyin
thepresenceofthe~osed wings.5ese dragcomponentswerecalcu-
latedasfollows:(a)Thedragofthebodyalonewascalculatedas
discussedpreviously,withtheboundarylayerassumedtobelaminar.
(b)Thedragofthe~osed wingsjoinedtogetherwascalculatedinthe
samemannerasthatofthetotaltig alone.~smuch asthewing
aspectratiowasthesame,thewingpressure-dragcoefficientwasthe
sameasthatofthetotalwingalone.However,thefriction-dragcoef-
ficientwasgreaterthanthatofthetotalwingbecausetheReynolds
nuniberwaslessforthe~osed wing.(c)Theinterferencepressure
dragontheexposedwingsduetothebody,whichincludestheeffectof
separatingthehalfwingsandplacingtheminthepresenceofthebody,
wascalculatedbythemethodofreference2. This~roceduredoesnot
includetheeffectofthebodynoseonthedragoftheexposedwings.
Calculationsindicatethatthiseffectwasnegligible.Althoughthe
maximuminterferenceyressuredragwas24yercentofthepressuredrag
oftheexposedwingsjoinedtogether(forWIB at M=l.~), withthe
wingaloneasdefinedaboveitwasnevergreaterthan2percentofthe
totaldragofanyofthewing-bodycmibinations.Itwasassumedthat
theinterferencefrictiondragonthewingswasnegligible.This
assumptionwassubstantiatedby experimentstobedescribedlater.
(d)Theinterfereacepressuredragofthewingsonthebodyatzero
angleofattackwaszerobecausethewingswerelocatedalongthecylin-
dricalpartofthebody.Itwasassumed,andwasalsostistantiated
by experimentstobedescribedlater,thattheinterferencefriction
dragofthewingsonthebodywasa resultofthew- shockwavecaus-
ingtransitiononthebodyatthetitersectionofthewing-leading-edge
shockwaveandthebody.Theinterferencefrictiondragofthetig
onthebodywasthencalculatedasthedifferencebetweenthefriction
dragonthebodyassumingpartlambar,partturbul~tskinfriction,
andthefrictiondragonthebodywiththeboundarylayercompletely
laminar.

Dragrise.-Thedragrisewithangleofattackofthewing-body
co?ibinationswascalculatedasthesumofthedragriseofthebody
noseandthatofthewi~edPAX%oftheco?ibinations

ADc=fic+J+Ar&J (lo)

wherethewingedpartofthecombinationconsistedofthe~osed wings
andthepartofthebodyincludedbetweenthem.

Equation(4),whichdoesnotincludeeffectsofcross-flowsepa-
ration,wasusedtocalculatethedragriseofthebodynose.Thereis
noinconsistencyincalculatingthedragriseofthebodyaloneonthe
basisofequation(~)andthatofthebodyofthewing-bodyccmibinations
onthebasisofequation(4)inasmuchastheeffectofcross-flow

-------- -—— .— —.— .. ...__
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separationonthebodyaloneissmall(theoreticallya madnumof2
percentofthedragcoefficientof WIB at @==.5°)andislessfor
thebodyofthewing-bodycmibinations.Thisreduction,relativeto
thatofthebodyalone,occursbecauseintheregionofthewingthe
flowisdirectedalongthewing;behindthewing,theduwnwashreduces
thecrossflow.

Inthecalculationofthedragriseofthewingedportionofthe
ccmibination,anassumptionwasmadethatthesamewingleadtng-edge
suctionfactor& canbeappliedasforthewtngalone.Thisis
validasthewingaspectratioapproacheszerosince& isequalto
0.5forbotha wingandawing-bodyconibinationforthislimitingcase.
Theassumptionisalsovalidasthewingspanbecomesverylargerela-
tivetothebodydiametersincetheeffectofthebodythenbecomes
negligible.Thewing-body-cmibinationdragduetoliftisthen

Spreiterhasshown(reference@ that,ifthe
tionisslender,theliftcoefficientofthewinged
ccmikbationis

(11)

wing-bodyCOIIibiIla-
part ofthe

Itwasshownexperhnenta13.y(reference1)thatequation
cabletoconibinationswithhighaspect-ratiotriangular

(12)

(12)isappli-
wingssimilar

to thoseofthepresenttestswhentheequationismodifiedbythe
factork. Fortrhngularwings,thefactorX isdefinedasfollows:

h= 2Yq3tane B

Theliftcoefficientofthewingedprt

tane~l 1 (13)
tan~zl

oftheconibinationisthen “

. (14)

By combiningeqpations(k)and-(lk),thedragduetoliftoftheconibi-
nation,b coefficientform,is
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.

.

.

ACDc [
= ~~2 ;

The lift coefficient
(reference1)

% + LC-N.
%~ = @

ofthecompletewing-bodycmibination

Thus,thedrag-risefactoris

r

For

11

(15)

(16)

(17)

thecasesinwhichnowingleading-edgesuctionistobe ~ected
(supersonicleadingedges)K& iseqqaltoone.

—

BESULTSANDDISCUSSION

Inordertoisolateexperimentallythe
~+~

~+Dw’ thecharacteristicsofthebody

md thekxibinationsmustbemeasured.The

totalinterferenceratio

alone,thewingsalone,

resultsoftheteststo
determinethesecharacteristicsarediscussedindividuallyandare
presentedintheformofdragcoefficientsasa functionofthelift
coefficientsinfigures3 to5 forthebody,wings,andconibinations,
respectively.TheresultsaresummarizedintableII. Fromthese
data,thetotalinterferenceratiowasdetermined.Itmustbepointed
outthattheqperimentalresultsforthewingalonepertaintothe
totalwing.Theterm~ intheinterferenceratiowasobtainedby
a~lyingtheexperimentaldragcoefficientofthetotalfig tothe
exposedwingarea.Thisintroducesa skin-frictionerrorin ~ but
theresultingerrorinthedraginterferenceratiowasnegligible.

Body

Thee~erimentalandcalculateddragpolarsforthebodywithand
withouta O.003-inch-diameterwireat5percentofthebodylengthfr~

.- .. . — —..- ... . ._ _ ._. .— ——.—— .-. .——_____ —



thenosetofixtransitionarepresentedinfigure3. It canbeseen
thattheexperimentalminimumdragcoefficientsforthebodywith.and
withoutthewirewereingoodagreementwiththecalculatedvaluesthat
includedeithercompletelylaminarorcompletelyturbulentskin-friction
coefficients.However,thetheoreticaldragriseforthebodywithout
thewirewasmuchlessthanthatmeasuredexperimentally.Thisdiffer-
encecanbeattributedtothefactthatnochangeinskinfkictionwith
angleofattackwasassumedinthetheory.Thedataindicatethatthis
assumptionwasnotvalidanditisbelievedthattheskinfriction
increasedwithangleofattack,probablya resultofforwardmovement
ofthetransitionpoint.Forthebodywithtransitionfixed,little
-e fis~ frictionwas fi~-ted * We eqerimentdandtheoretical
drag-risevalueswereh fairagreement.

Minimumarag.-
presentedinfigure

wings

TheminimumdragcoefficientsoftheMmgsaloneare
6asa functionofBtane. Forvaluesofptane

greaterthan0.4,thecalculatedmhimumdragcoefficientswerelarger
thanthosemeasuredexperimentally.Itwasshownb reference1 that
higher-ordereffectshada decidedinfluenceontheliftcoefficientsof
8-percent-WcktriangularKill&3. Thus forthepresent-s, higher-
ordereffectsonthedragcoefficientsanddifferencesbetweentheoretical
resultscalculatedonthebasisofthelineartheoryandexperimental
resultsaretobeexpected.Forvaluesof ~tsnG lessthan0.4,the
flowoverthew5ngswasalsoexpectedtodifferfromthatpredictedby
thelinesrthemybecauseofthevortex-typeflawlmowntoexistover
theselow-aspect-ratiowings(reference13). Thus,thegoodagreein~
betweenthe~erimentaland.theoreticalminimumdragcoefficientsin
thisrangeofvaluesof @tane waspossiblya resultofcompensating
factors.

I&w rise.-Thewing-alonedrag-riseresultsarepresentedin
termsofthedrag-risefactor~/~2 -infigure7(a),andinterms
oftherelativeinclinationofthechangeintheresultantforcedue
toliftasa fractionoftheangleofattack,K& infigure7(b).The
.experimentalvaluesof AC~CL2 weredetemrl.nedbyevalutfigWe
slopesofstraightlinesfairedthroughplotsof ~ versusCf.
Theexperimentalvaluesof ~ weredetermimedbytheproductof
dCL/daand@CL2 . Comparisonbetweentheoryandexperimentwould
seemto Wd.icatethat,forthewingswithsubsonicleadingedges,nearly
all.thepredictedleading-edgesuctionwasrealized.However,this
conclusioncannotbemadebecauseother&ctorssuchasa decreasein
skinfrictionwithanincreaseinangleofattacls,orforwardmovement
oftheshockwaveatthetrailingedge(reference14)oftheupp= sur-
faceofthew5ng,wouldhavethesameeffectonthedragasan

.

.

.- - ....
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attainmentofleading-edgesuction.Thesesamefactorscouldalso
accountforthefactthat~ forthewingswithsupersonicleading
edgeswaslessthanthetheoreticalvalueofunity.

Wing-BodyC,cmibinations

Mininmmdrag.-The3nfn$mumdragcoefficientsofthewing-body
conibinationsaresummsrizedinfigure8. Itcanbeseenthatthe
experimentalandtheoreticalminimumdragcoefficientswereingood
agreement- betteragreementthanthatforthe_ alone.Thisfact
canbeaccountedfor.bythelargepercentageofbodydraginthedrag
oftheconibinations(theoretically94percentforthelowestand51per-
centforthehighestaspectratio).Thebodypressuredragwasanalyzed
bythemethodofchaz’acteristics,whereasthepressuredragofthewings
alonewascalculatedlylineartheory.Thegreateraccuracyinthepre-
dietedbodydragcomparedtothatofthewingisevidentintheresults.

.

Thevalidityoftheassumptionsmadeinregardtothetypeof
boundary-layerflowonthewing-bodyconibinationsatzeroangleof
attackisshownbythesketchesinfigure9 whichweremadefromliqtid-
filmstudies.Itcanbeseenthattheproportionoflaminarandturbu-
lentboundarylayeronthewingalonewasessentiallythesameasthat
onthewinginthepresenceofthebody.However,thepresenceofthe
wingcausedtransitiononthebodyatthejuncturewiththewingleading-
edgeshockwave.

Dragrise.- Thedrag-risecharacteristicsofthewing-bodyconibi-
nationsarepresentedinfigure10. Itcanbe seenthattheagreement
wasfairbetweenthecalculatedvalues,whichdonotincludeleading-
edgesuctiononthewings,andtheexperimentalvalues.However,for
thecombinationswiththelowestaspect-ratiowings,thecalculated
drag-risefactorA@/~2 andtherelativeinclinationofthechange
inresultantforceK& whichincludeleading-edgesuctiononthe
wings,wereapproximatelyx percentoftheexperimentalvalues.This
differencedecreasedforconibinationswithhigheraspect-ratiofigs.
Thus,thediscrepancybetweenthecalculationsandexperimentwaslargest
intherangeofvaluesof ~ tane wheretheassumptionofwingleadin~-
edgesuctionshould
tivelyrealizedfor
tionsisnotclear.

beapplicable.Why
thewingsaloneand

leaU..ng-ed&suctionwaieffec--
notforthewing-bodycontdna-

—-. __ —— -- —— . —. .-——— —
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InterferenceEffects

Thecomponentsofthedragofa wing-bodyconibinationmaybe
consideredtobe

Dc=~+~+~+%w

wherethewingaloneisdefinedastheexposedhalf-wingsjoined
together.Theterm~ isdetbed fromthedifferencebetween
thedragforceonthew5ngaloneandthedragforceonthewingin
thepresenceofthebody.ThusDBW istheeffectofthebodyonthe
wingdragforce.Similarly,~ istheeffectofthewingonthe-
bodydragforce.Thetotalinterferenceratioisdefinedas

Thus,thetotaldrag-interferenceratiomaybe obtainedfromthedrag
forcesofthewingsalone,bodyalone,andcodxtnations. *

g.-Thetotaldrag-interferenceratiosatzeroliftare
.

shownasa functionoftheratioofthewingsemispantothebodyradius
andthewingaspectratioinfigureU(a). Interferenceratiosarepre-
sentedusingboththemeasuredbody-aloneresults(laminarboundary
layer)andalsotheseresultsadjustedfortheeffectofthewingin
causingtransitiononthebodybehindthejunctureofthewingleading-
edgeshodkwaveandthebody(seefig.9). Itcanbeseenthatthe
interferencewouldbeunfavorable(thedragoftheccmibinationsbeing
largerthantheexposedwing-@us-bodydrag)ifthedragofthebody
witha completelylaminarboundarylayerwereusedasthebasisforthe
interference.me measuredint=ferencedragvariedfrom18percentof
thedragoftheconibinationhawingthesmallestwingrelativetothe
bodyto4percentofthedragoftheconibinationhavingthelargest
wingrelativetothebody.Agreementbetweentheinterferencecalcul-
atedbythemethodofreference2,withfrictioneffectstakeninto
account,andthemeasuredinterferencewasgood.Theinterference
ratioswerenegligiblewiththebody-aloneboundarylayeradjustedfor
theoccurrenceoftransitionbehindthejunctureofthewingleading-
edgeshockwaveandthebody.Thus,forconfigurationssuchasthose
tested,theinterferencedragforceiscausedprincipallybytheeffect
ofthewingonthe-boundarylayerofthebody.Thiswouldnotneces-
sarilybethecaseforwing-bodycmibinationsinwhichthewingwas
highlysweptandcontributeda majorshareofthedragofthe.combina-
tion.TOaccurately~redicttheminimumdragofsucha wing-body
cozibinationitwouldbenecessarytocalculatetheinterferenceby some
methodsuchasthatofreference2. Itisnotedthat,iftheReynolds
nuniberofthepresenttestshadbeensuchthatnaturaltransition
occurredonthebodyinfrontofthewing-bodyjuncture,thedrag

-. -.
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interferenceatzerolift
wasborneoutbytestson

.

fiuldhavebeennegligible.Thisconclusion
combinationW@ withtransitionfixedon

thebodynose.Therefore,itisevidentthatReynoldsnumbereffectson
draginterferencecanbelarge.

Angleofattack.-Thetotaldrag-interferenceratiosatanangleof
attackof5° arepresentedinfigureU(b). Thetiterferenceratiosare
presentedonlywiththesmoothbodyresultsbecausetherewaslittle
differenceinthedragcoefficientsofthesmoothbodyandofthebody
withfixedtransitionattheliftcoefficientfor u=5°.(Theliftcoef-
ficientsatthisangleofattackweretakentiomreference1.) Asfor
a=OO,theinterferencewasunl%vorable;butat Cf=5°,thetiterference
remainedapproximatelyconstantthroughtherangeofwingaspectratios
andvaluesof s/ti. Thepredictedandmeasuredinterferencewerein
unexpectedlygoodagreementbecausetheinterferencewaspresentedin
ratioformandbecauseofcompensatingfactors.Thepredicteddragcoef-
ficientsofthebodywerelessthantheexperimemkd.values,but,for
thecombinationswithlow-aspect-ratiowings,thiswasbalancedbythe
fhctthatthepredicteddragcoefficientsofthecombinationswerealso
lessthantheexperimentalvalues.Forthecombinationswithhigh-aspect-
ratiowings,the‘highbody-dragcoefficients(relativetothecalculated
values)wereoffsetbythelowwing-dragcoeft’icients.

COIW31USIOITS

& ordertoevaluateinterference,the
body,ofsixtriangdarwingshavingaspect

dragofa pointed cylhiirical.
ratios of0.67to 4.oQ,and

ofthewingsandbodyincombinationwereinvestigatedexperimentallyat
Machnumbersof1.50and2.02.Theexperimentalmeasurementsforthe
body,wings,and combinatims, as well as theinterfermcedata,were
comparedwithvaluespredictedbyavailabletheories.Theresultssupport
thefollowingconclusions:

.
1. Theminimumdragcoefficientsofthe.bodyalone,ascalculated

bythemethodofcharacteristicswithlaminarandturbtiantskin-friction
coefficientsaddedforthebodyina smoothconditionandwithfixedtran-
sition,wereingoodagreementtiththecorrespondingexperimentalmeasure-
ments.Thedragrisewithangleofattack,ascalculatedbythemethod
ofNACARep.1048,1951,MS muchlowerthantheexperimentaldragrise
ofthesmoothbody,butinfakragreementtitht~t ofthebo~ ~th
transitionfixed.Theevidenceindicatesthatthetransitionpointon
thesmoothbodymovedforwardwithticreas~angleofattack,caushg
thesldnfrictiontoincrease.

.

,..-. . -..——- ——— —- —. .— .- ——— —-. . -- ..—
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h general,thepredictedmtnimumdragcoefficientsofthe
.

~s2~which includedanestimateoftheskinfriction)weregreaterthan
theexperimentalvalues. .

3. Thepredictedminimum&ag COeffid~t8ofthewing-bodycombi-
nationswereingoodagreementwiththeexperimentalvalues.Thebetter
agreementforthecombinationsthanforthewingsalonewasa resultof
therelativelygreateraccuracytithecalcdationofthebodydragwhich
constitutesa largepercentageofthecombination&ag.

k. Calculationofthepressuresatzeroangleofattackonthe
wingsfithepresenceofthebodybythemethodofNACARMA9119,1949,
indicatedthattheinterferencepressuredragwouldbesmallforthe
presentwhg-bodycombinationsifthewingaloneweredef5nedasthe
exposedhalf-wtngsbroughttogether.Theexperimentalresultsindicated
thatthedraginterferencewasprincipallytheresultoff- transition
onthebodybyaddinga wing. . .
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TABLEI.-SUMMARYOFGEOMETRICALEROEERTIES@’WINGS

wing

Sketch
i i i i L A

A~ (deg) 80.4 7z.6 63.2 56.0 50.3 45.0

Al (deg) 71.4 56.2 44.7 36.6 31.0 26.6
x

B (ill.) 1.25 1.75 2.25 2.76 3.24 3.74

F (in.) k.95 3.49 2.97 2.73 2.60 2.49

q (in.) 7.43 5:23 4.45 4.10 3.90 3.74

s (in.z) 9.29 9.15 10.01 11.30 12.66 13.99

A 0.67 1.34 2.02 2.69 3.33 4.00

T .08 .08 .08 .08 .08 .08

.

.— ..—. - .
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TABLEII.- SlmmRYm BESum’S

Configuration

s@bol
I

Sketch

Q--P=

W* 1’4

‘4BI+
=7=s

Minimumdrag I Drag rise

I
I I %(fm wings)

ql~’ ‘-
orE& (forCCnib.)

M=l.50~=2.02lM=l.501M+.02 lM=l.501M~.02
0.145 0.138 – – - –
(.140)(.133) - - - -

.0U4 !.on8 i 0.58I0.58 i 0.63 i 0.62
(.ol17)(.O1.lo)(.53) (.59) (953) (.56)
.0185.0160 ●* .40 ‘ ●59
(.0183)(.0192)(.32)(.41) (959) (:%
.0236.0173 .9 .40 .76 .80
(.0286)(.0198)(.27) (.39) (.67) (.~)
.0252 .0172 .41 .80
(.02go)(.0203)(:%) (.44)

993
(.76)(1.00)

.0261 .0185 .28 .36 .82
(.0301)(.0194)(.25) (.44) (.88)(1:%)
.02’70.0188 .29 ●39 .91 .94
(.0308)(.0189)(.28) (.44) (1.00)(1.00)
.0342 .0332 1.03 l.l@ 995 1.10
(.0336)(.0308)(.65) (.69) (●52) (.53)
.0402 .0351 .51 .65 .87 1.03
(.0377)(.0357) (.35) (●43) (957) (.63)
.0413 .0354 .38 .52
(.0417)(.0359) (.27) (.38) (:% ?:%
.0405 .0339
(.0410)(.0348) (::;)“(:4:)

.90
(.73) t:;)

.03951.0340I .30I .42 I .90i1.08
(.0405)(.0327) (●25) (.41) (●85) (.94)
,0388 .0307 .89 1.05
(J-J4Q7)(.0315)(:% (:% (.96) (.95)

Notes:1. Iheachcasethe~erimentalvalueisgivenfirstandthe
correspondingtheoreticalvalusindicatedtiparenthesis
Urectlybelow.

2. Thetheoreticaldragrisevaluesincludefullleading-edge
suctiononthewingsandawingle~dge suctionfactor
onthewingedpartofthecombinations.

.

.—. — .. ____ _
1 .— -——



No

1 ,



.

,

t---71-
/1

//02 “

/+ /z

I

,

—

Figure L - P/on-form dimensions of body, whgs, and whg -body combinations,
E



22

.

NAC!ATN3794

~“ ‘-– ‘-‘–_— ———

I

.-
‘.

.. -7-

.,

.

.-

,,

(b)Wing

Figure2.- wingendWin&body

alonO●

codxhation mountedintunnel.

.

.



NACATN3794 23

T%wy apenznenf

.,

—-- Preswredug Q Smooti ~
—Pressure dug QBooymmthed

B@ +1’m.titim C7h7g transition
— Pressuredma

.40 +M. t&370n-timg

II
M “1.50

.32
& I
%!!
s .24
~ -.
kQa
z ./6 ----g ----_ -.-—------------
4 .08

0-.4 73 -.2 -J o J .2 .3 .4
MYmefi7cient’,CL

.40

M’2.02

k- 7 -— I I I I
w .08

“=S=-
0
--.4 -.3 -.2 -./ o J .2 .3 .4

LL?7coefficient,Q

Figure3 — Dragcoefficientof be@.

...—. .. —--— . —.. — —-— .- .- .. ---— .-— —— -——-.—- -.. - ——



24 NACATN 3794

ti
—A@. pressuredrag
—T&/ Oh7g E2p6Y7hzwt

(h9n3E stion) o
Wngl —–– 7WI d~

(W LJ5suctbn)
./0 I I

M=/.50
.08

c!?

~-.06*
Q 7
$ \ I //~.04 \
p

\ \ / /
\

Q .02

:4 -.3 -.2 -./ o ./ .2 ~ “4
Lift coeftZcien~G~

./0 I
M=2.02

d?.08

3’*
Q .06~
al
8 \
.04 \ #

8 \ /
a

\ J

.02

o’-.4 -.3 -.2 -./ o ./ .2 3 .4
Liff coefficient,Q.

.

..

.

(a) W@ L

Figure4 - Drug coefficientof wings.

.-- —-.



r
NACATN3794 25

. mwy
——--Mb pressuredrag

61
——W71 dl’ug E@eh.?nf

[- LE sutio~
U%Ig2

0
--–—?W1 dmg

(fill LE suction)
./0

M=/.50
.08

C!?

$“.06
“$
Q
8 .04

‘\.‘\ / //
p
Q .02

0 ./ .2 .3 .4
Lift coefficient,CL

~ Lift coeficienf.,CL

[b) M@ a

. . Figwe4 — Continued.

!

-. . ... . . . ..._ —___ ___ _ —.— .— - -— ___ _,.



NMA TM 379k

m?og

4 —Mh pressuredrag
—-—nlW &g @mhlent. [m L.ESuctbnj o

W7g3 ———7M71ohg
(fullLE Sucl%n)

* .

.

——-.

Figure4 — Continued

J



NACATN 3794 27

Theqv

4

–—IW pressuredrag
——T&l dmg Ehpenhlewi

(zeroLIESu@bn) o
Wrng4 ——–7M dm

(.11 L.E!SU6WX?)
.10 .I

M “ /.50
08

.06
\

\
.04

.02

?4 -.3 -.2 -./ o .1 .2 3 .4

Jo

M“2.02
~Q.08

j-
:~ .06
ku t
Q
Q .04
g

h
.02

!4 -.3 -.2 -J o .1 .2 .3 .4
tbff co(?~ck?~f,CL

(d) Whg4.

ffgure 4 — Continued.

.— ---- —.—-.——- ..— _ .- —



28 NACATN 3794

7i%wy

4 —M.n pressure “drag
——TM o!!g E2pe’bent

(m E Smt@’) . ~
Whg5 -–- TM dmg

./0
(till L.ESuctiw” -

M z f.50
.08

e \ / +
- .06 ‘ +, -3* #

Q A h.
zg .04~.
g)
& .02“

o
-.4 -.3 -2 -./ u ./ .2 3 .4

Lift coefficient,CL

~g& 4 — Continued.

—— ..—



NAcATN 3794 29

7%lwy

4 —-A%h pressuredrag
—“—7W dug apw’hlsnf

(’m LE Sucfkn$ “ ~

Mhg6

;4 -.3 -.2 -J o ./ .2 3’ .4
L}ft coefficient,Q

.10-

M=2.02
.08

e

~“ .06+ \ ,
Q
s \ /
g .04 ()\ / ~/w.
~’

c‘~ 9
.

Q .02
---

0“ I I
-.4 -.3 -.2 -J o J .2 .3 .4

Lift coefficient,CL

(f) Wmg6.

Figure 4- Concluded. -

— .—



30 NAcATN 3794

Tti
—----Mb pressuredrag

I —Eiol dmg Elpl%@#
(%X7L.ESucl%n)

UjB o
––––T&l dmg

(fill LE Stiion)
Jo I

M= /,50
.08

e

2“
#

$ .06 \ . / 4
$ \\ , !

98 \
8 .04

p
Q .02

0
-.4 -.3 -.2 -./ o ./ .2 .3 .4

Lift coeHcient,C~

a -.3 -.2 -./ o ./ .2 3 94
tiff coefficientC’

Figures – Dragcoefficientof combhoflons.

—...— —. .



.

NAcATN 3794 31

.

ri%wy
d —- Mhpressuredrag

< w I —Z#al dmg Ex-wt
(Z&vL.ESuctl?n?)

&B ––-–-TZ dmg o
(till L.Esuctbn)

./0

.08 M= /.50 .
e \
$“ \\ /
“~ .06 /
~
Q
~ .04
p
Q -—

.02

1
0.-.4 -.3 -2 -./ o ./ .2 3 .4

Lift coefficient,CL
.10

.08 tv=2.02

r@ ,
t#

%-..06 7
* \ *,
Q # /

\
s \’
$ .04 ~ 3

F-
g . .—-
& D2

o I I
-.4 -.3 -2 -./ o J .2 .3 .4

tiff COefficien~CL

(b) GwnhhaWn@B.

f7gure5 – Continued

—. .—.— .—— ———-. —



32 NACATN 3794

.

&B ——— ntil ohzg
[till LE.SwMm)

Lift coeffici’en~CL .
.10

n4=2.02
.08 !

e i. ‘ /,
~“ . \> ,,~

/
~ .06

~..’/
\Q w @k~

2 .04
-g
d

.—---
.02

“v”
0
-.4 -.3 -2 -J o J 2 3 .4

Lift coefficient,CL

——

Hgure5- ContWued



T rw!JITN37gk 33

.

.

.

m%y

+

--—--MI. pressuredreg
—- —7bfoldmg Elp&wrnent

[= L.ES@?kW”
–----ZW timg

(3
~B

(till L.E suction)
Jo

M= /.50
.08 /

,/
e \, “,

3“
\’

+ .06 >Q
~
~ D4

~ ----.-—

Q .02

0.
-.4 -.3 -.2 -./ o ./ .2 .3 .4

Ltftcoe~cienf,CL
Jo

.08 M=2.02

@ \ . /
\

s /
“~ .06 . . 0
* % /

●

g e

~ .04 m 9 7
8
4 —---—

.02

v-
0
-.4 -.3 -.2 -./ o J .2 .3 .4

tiff coe~cienf,CL

(d) @nbihotion&B.

Figure5 – Continued

... . . . .——. .____ —____ .. .-——- .—- .. ——.- . _. . ._



34 NAM.TN 3794

+

—Mb. Pressuredrag
—7bfof dmg &pa%ment

(’zervIX SwXon)
–— T&l &g

a
~B (fullL& Sucfhn)

;4 -.3 -.2 -./ o ./ .2 .3 ●4
Lift coefl%cienf,CL

J 1- 1 I I (

.

.

Figure5 — Continued

—.. —— ..— . .



NAcATN 3794

.

..

+

Thtwy .
—“kIn. pressuredrag
—— T&l hg Ekperimenf

(2&vLE Sucl!lbn)
w&

0..

./0 II
M= /.50 /

P“
e \ d’\.
2 fm=.* .06 \
Q
$
: .04
~ .—

b
.02”

0-.4 -.3 -.2 -J o ./ .2 3 .4
Ljff coefficient,CL

(f) CombhotionWGB.

E&m~ –Condud3d

. . - —.—. -——.. — — —.— — .. --—_ ___ .. .



,06
ZhlWy E.x-f

-----49=1.50 *A9”M0

D5 —- —M=202 -E1-~=2.@

f Theoryhckuks&h Mon.
@ 1 1 1

Subsawc Iead@ Jta@”- I I I

“ .04
‘ “~_47e

f!!
1 , I 1 I

Subsaofb ri@e liM- + Suywsonie r@7e he

s

8 .03 --- .— -

! J.!. >
/

g ,02

;@

$

1

1 1
0 2 .4 .6 .8 12 14 M /.8 2.0

p%

Fgure 6 –MMnum d~ coeffkt%f of wihgs



NACATN 3794 37

.

.

.

M I , 1 I , 8 1 1 1 1 1 1

Wwnk A5@ngedge* = SuperxvvcIeaohngedge

12 meOry Ex~rnimt
–––-M=150 Q M=150

&l 10 :, \ ——M=202 EI M=2.02

~ t \
\ \

<. .8
\\ \

@
$!?

\
\ \

_ & L.E SU&%Ot7

1!
.6 ~ ! “,. ~\\

\.
\

L // N.

8
\ hv
\ i\

.4— — + — - * ‘—
—.. c1

NQ El
> > - ..--- -_ -— ——-.—- -

2 /.i
FullLE. SUCtiO~– ~

b 1

L2 , , ,
ZemLE suction—\

—-.-—..—- —. -—..-— ——
i 7- —. —~— — — - — -~

.8
El

o 0 / ~ -* a-- - - Full LE suction/-

.4 –

v–

0 .2 .4 .6 10 E L4 L6 M
&7nc

(b)i%WWeh%.hohonof changeh resubbntfize.

FrgureZ—Dn7gvi~chamchv3fibsof wi~.

.—— --—- —— -.— —----- . . .



/.

I

I

4X

I I 1 ,
Supersanb hwdfhgedge = L Subsonk Ieaahg edkje

.05 i 1 I 1 1 1
Sukxwik rk& (b “

.W

.(23

.02

sol

Tti i- skh fnkhbn.

o .2 .4 .6 .8 ID !2 14 L6 18 2.0

?&m e+%ihwn dt2tJCoefl%m?sd Mig+ody cvmhw&w.

.



.

/
f

/

A ,/

Bs
Dry reg/on t’no’lcaihg

9

turbuknt areo (or high
hwnihar shear d Ieuo’hg 2

mm 9- ShWes of boundary patterns made hm liquid flim studies of wing 6 and combination M$B

d Aiz L5, a. @.



40 NACATN 3794

L4 s , , i , , , # , I 1
SubsonicIead.hgedge ISqoem& A?adhg&ge

12

——M=202 ~4f=~2

8
T
Q .8

$
\ 2kvvLEsuction

8 .6
y

@ \
Q4 \.

N

.2

0 2 .4 .6 .8 10 L2 14 16 I&

F@urelo.–Dmg-n3echamcfen%’hbsof mhg-boq’ycombhmons.

. ..



, ,
H

I
I
I

8

~

I

A@& F@@ synh!s M&te DR corrected for turbulent

boundary /ayer behnd w;g- body junctun.

&f/
A

max

I

1

I

+-
P


